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Variability in physical and chemical processes in the marine ecosystem significantly 
influences the niche ecology of primary producers. However, studies are limited to 
understand the role of variability in environmental conditions on the niche dynamics of 
phytoplankton. Therefore, in this study we aimed to understand the role of environmental 
noise on the niche dynamics of phytoplankton species. This study performed numerical 
simulations by extending the classic Rosenzweig–MacArthur, predator–prey model for 
multiple species. We considered the characteristics timescale of seasonal sea surface 
temperature as environmental noise. Our study found that the oscillatory fluctuation of 
biomass, variation in carrying capacity, no competitive exclusion, and non-equilibrium 
state in periodic fluctuation of species biomass enables species to coexist in a noise-
induced system. In addition, a high amplitude in species biomass fluctuation at a higher 
environmental noise was found as another potential coexistence mechanism. Our 
simulations found that the mean niche and niche width of species are significantly related 
to environmental noise (R2 = 0.93 and 0.98, respectively). We observed a shift in mean 
niche conditions of species with the change in environmental noise. Niche overlapping 
between species decreased significantly with the increase in environmental noise (R2 = 
0.95). Our study will serve as a baseline to understand the complexity of phytoplankton 
niche dynamics in a variable environment.

Keywords: temperature, co-existence, fluctuation, ecology, marine

INTRODUCTION

Planktons are a group of aquatic organisms which comprise both phytoplankton and zooplankton 
(Sarker et al., 2020). Among the plankton community, phytoplankton are floating marine organisms 
and are considered as the primary input of energy for the oceanic ecosystem (Trefault et al., 2021). 
Phytoplankton serves as food for zooplankton and herbivore fish species. Thus, the variability in 
phytoplankton community composition and biomass controls the zooplankton composition which 
ultimately affects the fisheries production (Schroeder, 1983). The diversity of phytoplankton in 
marine and coastal waters controls the ecosystem functionality through carbon exporting and 
nutrient cycling (Goebel et al., 2013). In addition, phytoplankton influences the flux of elements, 
controls the biogeochemical cycles, and fixes the atmospheric CO2 (Charlson et al., 1987; Andreae 
and Crutzen, 1997). Therefore, knowledge of the phytoplankton community dynamics is important.
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In the coastal ecosystem, variation in interannual and 
intra-annual environmental conditions characterizes the 
phytoplankton community dynamics (Winder and Cloern, 
2010). Phytoplankton communities are highly sensitive to the 
fluctuations of environmental conditions. This is due to the 
capacity of phytoplankton’s daily cell division in optimum 
environmental conditions (Cloern and Jassby, 2008). In marine 
and coastal habitats, the concentration of micronutrients and 
the carrying capacity of the ecosystem control the distribution 
of phytoplankton (Wiltshire et  al., 2015; Pitchaikani and 
Lipton, 2016; Sarker and Wiltshire, 2017). Water temperature 
controls the metabolic activities of phytoplankton species and 
thus influences their ecology (Sarker et  al., 2020). In addition, 
pollution controls the occurrence of phytoplankton species in 
coastal waters (Jakhar, 2013). Hydrodynamic conditions, water 
current (Dickie and Trites, 1983), diseases, and predation by 
zooplankton (Wiltshire and Boersma, 2016) also play key roles 
in determining the phytoplankton community composition.

The health of a marine ecosystem is largely dependent on 
primary productivity (Pitchaikani and Lipton, 2016). The 
primary productivity of the ecosystem is largely dependent 
on the availability of phytoplankton in the ecosystem. Since 
the phytoplankton community significantly responds to the 
changes in environmental conditions, they are considered as 
a vital indicator for global warming and pollution assessment 
(Heneash et  al., 2022). For example, phytoplankton bloom 
intensity, community composition, and cell size and abundance 
are widely used to classify the water quality in coastal ecosystems 
(Facca and Sfriso, 2009; Lugoli et al., 2012). The concentration of 
chlorophyll-a in combination with nutrients, macrophytes, water 
column transparency, and dissolved oxygen is used to classify the 
trophic status in coastal waters (Facca and Sfriso, 2009; Giordani 
et al., 2009).

The phytoplankton dynamics in a marine ecosystem is linked 
with the change in environmental conditions which substantially 
alter their niche ecology (Ajani et al., 2018). Phytoplankton niche 
is the environmental conditions (i.e., physical and chemical 
factors) that allow their growth (Hutchinson, 1957). This means 
that each species operates within a range of environmental 
conditions, which is favorable for their reproduction and growth 
(Caracciolo et  al., 2020). The niche of species is characterized 
by their dispersal ability and interspecific and intraspecific 
competition (Brun et  al., 2015). Niche determines the spatial 
distribution of species, phenology, and temporal fluctuation in 
abundance. Environmental variability significantly influences 
the niche dynamics of phytoplankton. For example, warming 
of the sea surface leads to a niche partitioning of species (Irwin 
and Oliver, 2009). A shift in temperature can modify the timing 
of species peak abundance, and this indicates that a change in 
environmental conditions leads to a shift in the niche dynamics 
of species (Freund et al., 2006). A change in nutrient levels and 
pollutants in the ecosystem also leads to a shift in the mean niche 
condition of species (Brun et al., 2015). The niche partitioning of 
phytoplankton driven by a change in environmental conditions 
also influences the functionality of the phytoplankton community 
(Duerschlag et al., 2022). Thus, the role of environmental change 
on the niche dynamics of phytoplankton is important to explore. 

A large number of studies are available on the role of biotic and 
abiotic conditions on the phytoplankton dynamics. The role 
of stochastic fluctuations on the phytoplankton community 
composition is also well studied (Sarker et al., 2020). However, 
studies on the role of environmental noise on phytoplankton 
niche dynamics are very rare.

Therefore, this study aimed to understand the role of 
environmental noise on the niche dynamics of phytoplankton. 
More specifically, we analyzed the dynamics of phytoplankton in 
a noise-induced system. In addition, we also examined the role 
of environmental noise on the mean niche condition and niche 
overlapping of phytoplankton species.

MATERIALS AND METHODS

Modeling Approach
The prime objective of this study was to understand the role 
of environmental fluctuations on the phytoplankton niche 
dynamics. Thus, we performed numerical simulations by utilizing 
a predator–prey model. We extended the classic Rosenzweig–
MacArthur, predator–prey model to generate the dynamics of 
multiple species of plankton (Rosenzweig and MacArthur, 1963). 
The extension of the model was performed by formulating species 
growth (r), mortality (m), carrying capacity (K), and grazing 
(g) as the function of sea surface temperature (SST). Let Ni and 
Rk denote the biomass of i phytoplankton and k zooplankton 
species. Mathematically, the model was then formulated as:
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Equation (1) defines the phytoplankton dynamics where 
species grow logistically with specific growth rates (ri) and 
carrying capacities (Ki). We assumed that the species are 
competing with each other and thus defined the competition 
coefficients between two species i and j as αij. We described the 
dynamics of zooplankton in the model by a multispecies Holling 
type II (Equation 2) functional response. In Equation (2), Hk 
is the half saturation constant, gk is the maximum grazing rate 
of zooplankton, Sik is the selectivity coefficient of zooplankton 
species k for phytoplankton species i, βk is the efficiency of 
zooplankton species k feed on phytoplankton, and mk is the 
mortality of zooplankton species k. We assumed that small levels 
of immigration (u) of species are occurring in the system.
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We formulated the growth and carrying capacity of 
phytoplankton, and the mortality and grazing of zooplankton as 
the function of SST following the metabolic theory of ecology 
(MTE). Phytoplankton growth was formulated as the function of 
body mass and SST by using Equation (3).

 r r M ei i
a E RT t

i

r= − ( )
0

/  (3)

In Equation (3) T = SST, r0i = normalization constant for 
phytoplankton species i, Mi = body mass of species i, a = fixed 
allometric exponent, Er = activation energy for phytoplankton 
growth rate r, and R = Boltzmann constant.

We also formulated the carrying capacity of phytoplankton K, 
mortality of zooplankton m, and zooplankton grazing gk as the 
function SST by using Equations (4), (5), and (6), respectively.
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In Equations (4) and (5), K0i = normalization constant for 
the carrying capacity of phytoplankton, m0k = mortality of 
zooplankton, Mk = zooplankton species body mass, b = allometric 
exponents for the carrying capacity of phytoplankton, and c = 
allometric exponents for mortality of zooplankton. Both EK and 
Em are defined as the activation energy coefficients. In Equation 
(6), g0k = zooplankton grazing normalization constant,   Eg = 
activation energy of zooplankton grazing, and q = allometric 
exponent.

For seasonal SST (T) in the model, we relied on SST data 
using the advanced very-high-resolution radiometer (AVHRR) 
sensor for the Bay of Bengal (BoB) region. The AVHRR data 

were downloaded via the ERDDAP server (https://coastwatch.
pfeg.noaa.gov/erddap/index.html). The BoB is a subtropical 
marine ecosystem located in the northeastern part of the Indian 
Ocean. This area is very dynamic and receives a large volume 
of freshwater discharge from the surrounding river systems. 
Freshwater discharges from the upstream area carry a large 
volume of sediments. In addition, BoB is considered thermally 
stratified and thus less productive compared to the Arabian Sea. 
This area is under the pressure of both climate and anthropogenic 
pressure. However, the BoB received very little attention from 
scientific communities (Hood et  al., 2013). Details of the SST 
data are described in Kilpatrick et al. (2001). For this study, the 
daily SST data for the time period between 1985 and 2017 were 
analyzed. The seasonal SST data of BoB usually show two peaks 
in a year (Figure 1). Thus, we used the linear combination of Sin 
and Cos to formulate SST function as described in Equation (7).

 

T t T Sin
t

Cos
t

Sin
t

m( ) = +∅ 





 +∅









+∅ 





 +∅

1 2

3 4

2 2

4

π
σ

π
σ

π
σ

CCos
t

4π
σ








 (7)

In Equation (7), Tm = mean SST and t = time. We adopted the 
parameters ∅1, ∅2, ∅3, ∅4, and σ through the fitting of daily SST 
data from AVHRR to Equation (7). Data fitting to estimate the 
parameters was performed in R (R studio core team, 2005) using 
a linear function.

Inclusion of Environmental Noise in  
the Model
Environmental noise is the unpredictable fluctuation in 
environmental conditions at both spatial and temporal 
scales (Fujiwara and Takada, 2017). Unpredictability refers 
to the inability of the precise prediction of the future state of 
environmental conditions, which is usually a set of abiotic 
and biotic variables (Adler and Drake, 2008). Fluctuation of 

FIGURE 1 |   Daily mean variation of sea surface temperature (SST) in the Bay of Bengal (BoB) from 1985 to 2007. Red-filled points indicate the daily SST over BoB 
derived from a satellite source. Blue solid line indicates the daily SST derived from Equation (7).
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temperature in marine ecosystems usually shows persistence in 
time (Steele, 1985; Roe, 2009; Beninc et al., 2011). We introduced 
the characteristics time scale of SST fluctuation as red noise in 
the model. Red noise in the model was introduced by adding a 
term nt with seasonal SST as described in Equation (8), which 
was previously described in Freund et al. (2006) and Sarker et al. 
(2020).

 T t T t nn t( ) = ( ) +  (8)

In Equation (8),  Tn = SST with red noise.
We used a first-order autoregressive model to define red noise 

nt by using Equation (9) as described in Box et al. (2015).

 n nt t t= + −( )−γ δ γ1
21   (9)

In Equation (9),    = autocorrelation coefficient (the values 
of γ vary from -1 to 1) and δϵ = magnitude of environmental 
noise. We defined red noise when γ was found positively auto-
correlated. The stochastic term ϵt was drawn randomly at each 
time step which follows a Gaussian distribution. In this study, we 
considered a time step of 1 day for simulations. The coefficient 
of autocorrelation γ was formulated as the function of the 
characteristic timescale of SST fluctuation τ (Equation 10) which 
was determined by fitting the data to Equation (10).
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= −
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 (10)

We performed a number of simulations to achieve the 
objectives of this study. We first performed a simulation 
without adding noise in SST function. We then performed 
simulations to generate the phytoplankton dynamics by varying 
the environmental noise. For this, we varied the characteristic 
timescale of SST fluctuation τ. In this study, τ was found 4 days 
after analyzing the SST data. In this study, we varied τ from 4 to 8 
days to generate different noise scenarios.

Parameterization of the Model
To understand the role of environmental noise on phytoplankton 
niche dynamics, 10 phytoplankton and 7 zooplankton species 
were considered in this study. Therefore, to perform the 
numerical simulations we chose the range of parameter values 
from the literatures. Parameter values related to phytoplankton 
growth, carrying capacity, zooplankton mortality, grazing rate, 
assimilation efficiency, half-saturation constant, body mass of 
phytoplankton, body mass of zooplankton, allometric exponent, 
and activation energy were derived from field- and experiment-
based studies as described in Sarker et  al. (2018). However, 
parameter values related to species competition, selectivity 
coefficient of zooplankton, and immigration rate were chosen 
randomly by following Dakos et  al. (2009). Coefficients of the 

intraspecific competition of phytoplankton species αii were set 
as 1. Coefficients of the interspecific competition of phytoplankton 
species αij were drawn randomly between 0.5 and 1.5. Selectivity 
coefficients Sik were also drawn randomly between 0 and 1. After 
selecting the range of all model parameters, a Monte Carlo search 
was performed to identify an ideal parameter set. We defined a 
parameter set ideal when all 10 phytoplankton species and 7 
zooplankton species can coexist. Details of parameters are given 
in Table S1. For simulations, we did not specify any species; 
however, the parameter values were within the realistic range.

Model Sensitivity Test
The value of each parameter was changed by ±50% to test the 
sensitivity of the model. For example, if in an ideal parameter 
set, a species had the specific growth rate 1, we simulated the 
dynamics of species by varying the growth rate of that species 
from 0.5 to 1.5. If the coexistence of all species persists even 
within this change in parameter values, we considered that the 
model is not sensitive to large variation in parameter values.

Statistical Analyses of Model Outputs
The prime objective of this study was to understand the role of 
environmental noise on the niche dynamics of phytoplankton 
species. Therefore, we simulated the dynamics of 10 
phytoplankton species. We then analyzed the dynamics of these 
phytoplankton species. We analyzed the coexistence mechanism 
of phytoplankton species in a noise-induced system and the role of 
noise on species niche dynamics. To understand the coexistence 
mechanism of phytoplankton species in a noise-induced system, 
we analyzed species competition, biomass of dominant species, 
and oscillation and amplitude of species biomass. To understand 
the role of noise on phytoplankton niche dynamics, we estimated 
the niche width and niche overlapping of species from each 
simulation. We used the Levins (1968) measure to estimate the 
niche width of species by using Equation (11).

 B
pi

=
∑
1

2  (11)

In Equation (11), B = Levins measure of niche breadth and 
Pi = proportion of individuals found using resource i. In this 
case, i is the SST. We used Equation (12) to measure the niche 
overlapping among the species.

 NO i j eN

i j
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µ µ

σ σ

2

2 22
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In Equation (12), μi   = mean (= mode = median) of the 
distribution of species i, μj = mean of the distribution of species j, 
σ i

2 = variance of the distribution of species i, and σ j
2 = variance 

of the distribution of species j.
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RESULTS

How Do Phytoplankton Species Coexist in 
a Noise-Induced System?
We examined the dynamics of 10 phytoplankton species under 
different environmental conditions. We formulated the species 
growth as a function of temperature. First, we created a system 
where 10 species of phytoplankton can coexist without any 
environmental noise in temperature-dependent species growth 
(Figure  2). We then simulated the biomass of phytoplankton 
species by adding noise in temperature-dependent growth 
function. Later, we analyzed the drivers of species coexistence in 
the noise-induced ecosystem (Figure 3). Analysis of our model 
outputs found that an oscillatory state of phytoplankton biomass 
exists over time in the system without noise (Figure 4A). This 
periodic oscillation also exists in the system with environmental 
noise (Figure 4B). This oscillatory fluctuation of biomass is related 
to seasonal fluctuation in SST. The interspecific competitions of 
considered phytoplankton species were identical. This indicates 
that species shared the same niche when no noise was added to 
the system. Although species shared the same niche, we did not 
observe any competitive exclusion. This enabled the species to 
coexist in both the system with noise and that without noise by 
preventing competitive exclusion. We observed a non-equilibrium 
state in periodic fluctuation of phytoplankton species biomass 
which allowed them to coexist in a noise-induced ecosystem. 
Analysis of long-term dynamics of simulated phytoplankton 
biomass found that at a time several species show a peak in their 
biomass while some species show low biomass. This variation of 
species biomass at the same time enabled them to coexist in the 
noise-induced system. The noise-induced seasonal temperature-
dependent growth of phytoplankton species results in a periodical 
fluctuation of biomass. This periodicity repeats every 1 to some 
year later. This types of succession of species biomass results in 
the coexistence of 10 phytoplankton species in noise-induced 
environmental conditions. Phytoplankton species considered 
in this study had different carrying capacities (3 to 70 mg/m3). 

Diverse carrying capacities also enabled species to coexist in a 
system where they had an identical niche. We observed variation 
in amplitude of species biomass over time. This fluctuation in 
biomass amplitude is correlated with environmental noise. We 
found that the total amplitude of the simulated plankton biomass 
increased with the increase in environmental noise (R2 = 1, p< 
0.001). This fluctuation in amplitude in species biomass is also 
found as one of the coexistence mechanisms of phytoplankton 
species.

Role of Noise on Species Niche Dynamics
The daily variation of SST in the BoB after removing the seasonal 
trend is shown in Figure  5. We estimated the characteristic 
timescale of SST fluctuation by fitting the exponential decay 
of the autocorrelation function (Figure  5). We found that SST 

FIGURE 2 | Variability in phytoplankton biomass (mg/m3) over time in a 
system without temperature-induced noise.

FIGURE 3 | Variability of phytoplankton biomass over time at different noise conditions. Noise conditions were generated by varying the characteristics time scale of 
temperature fluctuation over the BoB. Solid lines indicate the mean biomass of 10 phytoplankton species from each simulation.
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fluctuations in the BoB can be described by a red-noise process 
with a characteristic timescale τ of about 8 days. When long-
term biomass of phytoplankton species was simulated without 
adding any noise in the temperature-dependent growth function, 
we found that niche is identical for all species (Figure 6). This 
suggests that all species shared the same niche (mean niche was 
found at nt = 0). However, when we added noise in the growth 
function, a significant change in niche configuration of species 
was observed (Figure  7). Variation of mean noise conditions 
changed the mean niche and niche width of species significantly. 
Mean niche was found at nt = 0 for species 1. However, the mean 

niche of the same species shifted at nt = 0.5 when the characteristic 
timescale of SST fluctuation τ was considered 15 days (Figure 7). 
Similar shifts were also observed for the other species. When a 
species showed a narrow niche width at the low environmental 
noise, the same species showed a very wide niche width at higher 
environmental noise conditions. For example, at nt = 0 species 1 
had a narrow niche width (-0.5 to 0.5). On the other hand, after 
adding noise with a characteristic timescale of SST fluctuation τ 
15 days, species 1 showed a wider niche width (-1 to 1).

The biomass density of that species was found higher  
(5 mg/m3) in mean niche conditions when the noise was low. 

A B

FIGURE 4 | Phase plane diagram showing the cyclic fluctuation of biomass of species 1, 2, and 3 in a system without noise (A) and with noise (B).

A

B

FIGURE 5 | Time-series analysis of temperature fluctuations using data from the BoB. (A) Time series of daily surface water temperatures after the seasonal trend 
was removed from the original data, and (B) autocorrelation function of the seasonally detrended temperature data (circles). Red dashed line is an exponential  
decay fit.
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However, the density of biomass was comparatively low in 
mean niche conditions when the noise was higher (3.5 mg/m3) 
(Figure  8). Environmental noise also significantly influenced 
the niche overlap between species. We observed high niche 
overlapping at the low environmental noise conditions. Niche 
overlapping between species decreased significantly with the 

increase in environmental noise (Figure 9). For example, species 
1 had a high level of overlapping with other nine species when 
the noise was low. On the other hand, species 1 showed low 
overlapping with other species when the noise was increased 
gradually (Figure 9).

DISCUSSION

The present study aimed to understand the role of environmental 
noise on phytoplankton niche dynamics. We based our study using 
a multispecies competition model and formulated the growth, 
carrying capacity, mortality, and grazing of species as the function 
of SST. We included red noise in the model by incorporating the 
characteristics time scale of SST fluctuation of the Bay of Bengal. 
We first created an ecosystem where 10 phytoplankton species 
can coexist with the change in environmental forcing and noise. 
Later, we analyzed the species’ biomass and niche dynamics in 
relation to environmental change.

We found that oscillatory fluctuation of biomass, variation 
in carrying capacity, no competitive exclusion, non-equilibrium 
state in periodic fluctuation of species biomass, and periodic 
fluctuation in biomass enable phytoplankton species to coexist. 
In addition, a high amplitude in species biomass fluctuation 
at a higher environmental noise was found to be another 
potential coexistence mechanism of phytoplankton species. 
Multiple-species coexistence is considered a long-term puzzle 
in a community ecology study (Segura et al., 2011). The major 

FIGURE 6 | Variation in niche dynamics of phytoplankton species in a system 
without environmental noise.

A

B

FIGURE 7 | Variation of species niche configuration at different environmental noise. In this figure, niche dynamics in response to environmental variability is shown 
for species 1. (A) Changes in niche configuration of species 1 with environmental variability and (B) linear relationship between mean niche condition of species 1 
and different characteristics time scales of SST change.
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challenge to resolve this puzzle lies in the principle of competitive 
exclusion (Laird and Schamp, 2006). The competitive exclusion 
principle suggests that identical niches among the species 
prevent their coexistence in the ecosystem (Hardin, 1960). 
According to this principle, the competition limits the number 
of coexisting phytoplankton species in the ecosystem (Benincà 
et al., 2008). However, Hutchinson (1961) pointed that in nature, 
thousands of phytoplankton species can coexist while they have 
identical niches (i.e., they compete for the same resources). 

Multiple-species coexistence driven by competition is reported 
by the studies of Huisman and Weissing (1999); Huisman et al. 
(2001); Baer et al. (2006), and Sarker et al. (2018). In this study, we 
considered a seasonally driven system with environmental noise. 
Species competition plays an evolutionary role in speciation 
and thus increases the diversity (Brännström et  al., 2012). In 
addition, competition governs the interactions among the species 
through which biodiversity is regulated (Chesson, 2000). The 
joint influence of competition and seasonality causes a periodical 

FIGURE 8 | Change in biomass of 10 phytoplankton species considered for simulations at different characteristics time scales of SST change.

A B
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FIGURE 9 | Variation in species niche overlap estimated at different environmental conditions. (A) When the characteristics time scale of SST change was 
considered 4 days, and (B–I) when the characteristics time scales of SST change were considered 4.5, 5, 5.5, 6, 6.5, 7, and 7.5 days, respectively.
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succession of species one after another. This mechanism causes 
species coexistence in a noise-induced ecosystem which is also 
in line with the findings of Sarker et al. (2018) and Sarker et al. 
(2020) for subtropical and temperate marine ecosystems. Our 
study also found that the turnover time of species also changes 
with the change in noise in environmental conditions. This is also 
found true in the studies conducted by Dutta et al. (2014) and 
Huisman and Weissing (1999). Field-based studies of Sarker et al. 
(2018) and Dakos et al. (2009) also found similar results. Carrying 
capacity is the maximum phytoplankton biomass that can occur 
in a given environmental condition (Sarker and Wiltshire, 2017). 
Variation in carrying capacity indicates that each species has a 
specific biomass limit in the system (Franks, 2001). Therefore, 
when one species attains the carrying capacity, biomass of other 
species might be in the condition of undercarrying capacity. 
This causes the biomass peak of one species and low biomass of 
another species which enable them to coexist. In our study, we 
found that at high environmental noise conditions the amplitude 
of species biomass variation is higher. This is related to periodic 
succession which is a well-known coexistence mechanism of 
species (Sarker et al., 2018).

The range of environmental conditions under which a species 
can persist is known as fundamental niche (Ajani et al., 2018). 
The ecological niche of phytoplankton is driven by a number of 
factors, i.e., competition, dispersal ability, disease, and predation 
(Brun et  al., 2015). In addition, changes in environmental 
conditions are also responsible for the change in the niche 
configuration of phytoplankton. Addition of noise leads to a 
change in phenology of species which results in a change in 
optimal niche conditions (Velthuis et  al., 2017). Therefore, 
species optimal niche conditions may shift from the original. 
Our study also found the optimal niche of species changes 
with the change in environmental noise conditions. Several 
studies also reported similar findings on the species niche and 
environmental relationship. For example, Adrianet al. (2006), 
Mazaris et al. (2008), and Stefanescuet al. (2003) found similar 
findings for zooplankton, turtles, and Mediterranean butterflies, 
respectively. Our study found that mean niche, niche width, 
and niche overlapping among the species significantly changed 
with the variation of noise in the temperature-dependent 
growth function. These changes are the adaptation options of 
species in variable environmental conditions (Sarker et  al., 
2020). There will be an extinction risk if species do not adapt 
with the changing environment. Field-based studies confirmed 
such types of adaptation strategies. For example, Edwards and 
Richardson (2004) found similar adaption strategies of species 
in the central North Sea. The shift in mean niche condition 
of species is also related to their nature, i.e., generalists and 
specialists. In this study, all species were generalist in nature. 
Therefore, they showed a wider habitat demand and are less 
sensitive to environmental fluctuations (Preston et  al., 2008). 
For example, temperature rise is less effective for generalist 
species (Sarker et  al., 2020). Thus, this group of species can 

survive within a wide range of temperature changes (Ranius and 
Nilsson, 1997).

CONCLUSION

We simulated the phytoplankton dynamics using a competition 
model. We formulated species growth as a function of the 
stochastic fluctuation of temperature. Our study found that 
stochastic fluctuation of temperature changes the species niche 
configuration. So, how will this study contribute in marine and 
coastal environmental quality monitoring? Human society is 
largely dependent on the ocean. For example, the ocean provides 
half of the global oxygen, food, and means of transportation 
and livelihood. In addition, the ocean absorbs atmospheric CO2 
significantly and thus plays a vital role in facing the global climate 
change challenges. However, increasing human dependence on 
the ocean is making the marine ecosystem vulnerable. Thus, 
monitoring of the marine ecosystem is important. Globally, the 
ocean is under the threat of climate change. Temperature rise 
is a consequence of global climate change. This study will help 
to monitor the species dynamics under the situation of climate 
change. Here, we developed a methodology to monitor the 
ecological niche of species in relation to environmental noise. 
This methodology can be adopted to explore the impacts of 
environmental degradation (i.e., pollution) on the phytoplankton 
niche. This study gives an idea how species will behave if 
environmental conditions fluctuate randomly. Taking this study 
as a base, one can formulate the framework to model the role 
of anthropogenic stressors (i.e., eutrophication and pollution) 
on phytoplankton ecology which helps to develop coastal 
monitoring and management systems.
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